The content of 8 heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) was evaluated in infusions prepared from 13 different herbal compositions commercially available in drug or herbal stores. The mixtures were produced by a Polish manufacturer "Herbapol". The concentration of heavy metals was determined using flame atomic absorption spectrometry (FAAS). In the herbal infusions Mn was found in the highest concentration varying from 3.03 to 129.01 mg/kg. The element of the lowest content was Cd in the range of 0.024-0.153 mg/kg. According to interquartile ranges the concentrations of studied heavy metals in infusions decreased in the following descending order: Mn>Fe>Zn>Cu>Ni>Cr>Pb>Cd. Cluster analysis allowed for the division of herbal infusions into groups described by comparable levels of heavy metals. In water extracts made from Urosan, Nervosan, Infektoten and Cholagoga, distinctive levels of Mn, Fe and Cr were determined. According to WHO regulations, the concentrations of the elements did not exceed the allowable limits.
Introduction
Although the development and mass production of chemically synthesized drugs have modernized health care worldwide, much of the population in various countries still depends on herbal medicines for their primary care. This growing interest in natural therapies is not only occurring in developing countries but in industrialized ones as well. Usually the reason for using herbal medicines is, except for the fact that they are more affordable, the conviction that they are natural thus safe and free from the adverse effects, as opposed to chemical medicines. As a result, herbs are taken with prescription drugs, over-the-counter medications, or other herbs, which may lead to serious health deteriorations [1, 2] . Herbs are taken in different ways and forms, that include e.g. teas, syrup, essential oils, capsules and tablets containing a ground or powdered form of a raw herb or its dried extract. There are also extracts made from plants and herbs extracts in different solvents e.g. alcoholic extracts (tinctures), hot water extracts (infusions, herbal teas, tisanes) and long-term boiled extracts, typically roots or bark (decoctions). Since there is no standardization, components of herbal extracts or preparations are likely to vary considerably between batches and producers [2] .
An additional concern regarding herbal medicines is the presence of toxic metals. It is well known that heavy metals in herbal products pose a substantial health hazard due to their toxic and mutagenic effects, regardless of the concentration levels [3] . Fast industrialization, ineffective pollution control and inconsiderate use of chemical fertilizers and pest control agents largely contribute to heavy metal contamination in agricultural soils. Plants and vegetables grown in such soils accumulate toxic metals (mainly in underground parts) hence entering into the human food chain [4] .
Some reports of heavy metal contaminations in countries from different parts of the world demonstrated the presence of toxic metals in plant derived products [5] [6] [7] . Moreover, the need for safety assessment and quality assurance of plant products has been highlighted by the WHO. It seems compulsory that all herbal prepara-tions and raw materials be investigated for the presence of heavy metals [8] .
The most commonly used form of herbal remedies is infusion, prepared in the same way as making a cup of tea. Boiling water is poured over a herb or mixture of herbs in the cup, then it is covered and left to steep for 15-20 minutes. Infusions are normally taken one teacup, two or three times daily. In view of these facts, it was decided on evaluating the content of 8 heavy metals (Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in infusions prepared from commonly available domestic herbal mixtures. Assuming that herbal preparations of the same kind should be characterized by similar levels of the analysed elements, it was intended to determine if there are infusions especially abundant in some of the toxic elements thus being potentially dangerous for patients taking them. The concentrations of heavy metals were determined using flame atomic absorption spectrometry (FAAS).
In order to recognize similarities in metal contents in the infusions prepared from the herbal mixtures composed of the same medicinal plant raw materials, hierarchical cluster analysis was applied.
Materials and methods

Herbal material
The group of 73 independent samples of 13 different herbal mixtures commercially available in drug or herbal stores was included in the study. The mixtures were produced by "Herbapol" -a Polish manufacturer of herbal products. The names of the mixtures involved in the study were as follows: Bobofen (4), Bronchial (8), Cholagoga II (4), Circulosan (4), Diabetosan (4), Gastrosan (8), Infektoten (3), Nervinum (3), Nervosan (6), Normosan (9), Pyrosan (3), Septosan (8) , Urosan (9) . The number of samples is provided in parenthesis.
The composition of the herbal mixtures along with their indications and activities are listed in Table 1 . The mixtures are composed of 3-6 different medicinal plant raw materials. Some raw materials are found in several different preparations, e.g. peppermint leaf (Menthae piperitae folium), melissa leaf (Melissae folium) or chamomile basket (Chamomillae anthodium) in four of them. In some pairs of the mixtures merely one herbal raw material of the same kind is included e.g. marshmallow root (Althaeae radix) in Bronchial and Gastrosan or chicory root (Cichorii radix) in Diabetosan and Urosan.
Sample preparation
Each batch of herbal mixture was homogenized at 20°C for 30 s in a grinder Knifetec 1095 (Foss Tecator, Hö-ganäs, Sweden). The temperature stability during the process was ensured with use of water-cooling. After homogenization, 2 g of an accurately weighed sample was placed in a beaker and 100 mL of boiling deionized water poured on, covered with a watch glass and left for 15 minutes. Then the extract was cooled, filtered through filter paper into a 100 mL volumetric flask and filled up with deionized water.
Trace elements determination
The analysis of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn content was carried out by means of spectrometer SpectrAA 250 Plus (Varian, Australia) in flame atomic absorption mode [9, 10] . The accuracy and precision of the procedure were verified on the basis of 6 
Software
STATISTICA, (Statsoft Inc.) release 9.0 was applied to calculate interquartile ranges and perform cluster analysis.
Results and discussion
The content of Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn was analysed in samples belonging to 13 herbal mixtures. The concentration of metals is illustrated in Figure 1 and 2 as the interquartile range (IQR) calculated as the difference between the 25th and 75th percentile. The width of the range around the median includes 50% of the cases, describing the central tendency of the variable. The horizontal lines called "whiskers" represent non-outlier range. They extend to at most 1.5 times the IQR from both ends of the box ending at minimum and maximum values within the group. All the values greater than 1.5 times the IQR beyond the end of the box, are defined as the outliers. Three times the box height marks the boundary between outliers and extremes, differentiated by circles and triangles, respectively.
The element of the highest content in analyzed herbal teas was Mn. Its concentration ranged from 3.03 mg/kg in sample no. 4 of Diabetosan to 129.01 mg/ kg in Urosan (sample no. 6). Heart ailments resulting from neurosis and in climacterium period, adjuvant in mild heart rhythm disorders and impaired heart efficiency Toning up the circulatory system and sedative
Gastrosan
Chamomillae anthodium 50% Althaeae radix 33% Menthae folium 17%
Alimentary tract inflammation, chronic gastric and duodenal ulcer disease, adjuvant in secretory and motor disorders of the alimentary tract
Protective and anti-inflammatory to mucosa of the alimentary tract, relaxation of stomach and intestines, flatulence prevention and normalization of gastric juice and bile secretion
Diabetosan
Phaseoli pericarpium 30% Galegae herba 25% Cichorii radix 25% Urticae herba 20%
In pre-diabetes states, in latent diabetes, in an early stage of insulinindependent diabetes, adjuvant in diabetes treated with anti-diabetes drugs A mild reduction of blood-glucose.
Infektoten
Sambuci flos 55% Salicis cortex 32% Ulmariae flos 13% Figure 1a identified seven infusions as outliers and two as extremes, and both categories were represented by two herbal mixtures -Cholagoga II (nos. 1-4) and Septosan (nos. 1,2,4,6-8). In the latter group, the sample no. 6 of Septosan contained the highest amount -50.09 mg/kg, whereas the lowest level of Fe was present in Septosan (no. The concentration of Zn in the infusions ranged from 1.52 mg/kg in sample no. 2 of Septosan to 13.24 mg/ kg in sample no. 1 of Urosan, which was marked in the interquartile range as the extreme value (Figure 1b) . The group of extracts with low Zn content contained four samples of Normosan (nos. 3, 6, 7, 9) , in which the concentration of Zn was between 1.59 and 3.01 mg/kg. On the other hand, the highest content of Zn was observed in the samples of Infektoten 5.95-8.13 mg/kg, Pyrosan 5.84-11.20 mg/kg, and Urosan, except for sample no. 8, 5.30-13.24 mg/kg. In Figure 1b two outlier samples were observed, namely Urosan (no. 3) and Pyrosan (no. 2), with the concentration of Zn -9.89 and 11.20 mg/kg, respectively. The median equalled 3.21 mg/kg, and the non-outlier range was from 1.52 to 8.21 mg/kg.
The content of Cu in herbal teas went over 6.0 mg/kg in five infusions of Nervosan (samples nos. 2-6). These samples were marked as extremes in the interquartile range (Figure 1b) . The highest content of Cu was found in Nervosan (no. 2) in the amount of 9.35 mg/kg. The samples of the lowest concentration of Cu belonged to Urosan (nos. 2,6,9) and Diabetosan (no. 3). In these infusions, Cu was in the range of 1.20-1.41 mg/kg. The median amounted to 2.36 mg/kg, while the outlier range was between 1.20 and 4.07 mg/kg. The analysed infusions were described by Ni content in the range of 1.30-2.71 mg/kg. The highest level of Ni was found in sample no. 5 of Septosan. In other samples of this mixture Ni was in high concentration as well. In four samples of Septosan (nos. 1,3,7,8) the concentration of Ni varied from 2.47 to 2.54 mg/kg, while in the infusion of Septosan (no. 4) the level of Ni was below 2 mg/kg. The smallest content of Ni was noted in some infusions of Diabetosan (nos. 2-4) and Urosan The Pb content in water extracts ranged from 0.441 mg/kg in Gastrosan (no. 6) to 0.751 mg/kg in Bronchial (no. 7). A high concentration of this toxic metal was also observed in sample no. 1 of Pyrosan and sample no. 4 of Cholagoga II -0.711 and 0.742 mg/kg, respectively. In Figure 2b the samples of Cholagoga II (no. 4) and Bronchial (no. 7) were presented as outlier values. Relying on the concentrations of Pb in herbal teas, it was established that the allowable limit for Pb (10 mg/kg) was not exceeded [11] . About 35% of all samples contained Pb below 0.5 mg/kg. The median amounted to 0.54 mg/ kg, with the non-outlier range extended from 0.44 to 0.71 mg/kg.
The metal of the smallest abundance in the herbal infusions was Cd. Its content varied from 0.024 mg/kg in Nervinum (no. 1) to 0.153 mg/kg in Pyrosan (no. 2). The highest levels of this metal were found in three samples of Pyrosan (nos. 1-3), in the range of 0.138-0.153 mg/ kg. These samples were recognized as outliers in the interquartile range illustrated in Figure 2b . On the basis of the determined content of Cd in herbal teas, it can be stated that the allowable limit for Cd (0.3 mg/kg) was not violated in any of the herbal infusions [11] . Significant variations in concentration of Cd were noted in Septosan and Urosan extracts. The difference between the lowest and the highest content of this element were 2-3 fold. In only three samples -Nervinum (no. 1) and Septosan (nos. 1 and 2) the level of Cd was below 0.03 mg/ kg. The median of Cd was 0.062 mg/kg, whereas the range of non-outlier concentrations ranged from 0.024 to 0.118 mg/kg. No extreme values were observed.
Taking into account that levels of analysed heavy metals varied considerably in infusions prepared from different herbal mixtures, the hierarchical classification method called cluster analysis (CA) was employed. The main purpose of CA was to recognize similarities in metal contents in the infusions obtained from the same herbal mixtures.
CA is concerned with exploring data sets to determine whether or not they can be segregated meaningfully into a relatively small number of groups or clusters of objects bearing a resemblance to each other, and different in some respects from objects in other clusters. In order for cluster analysis to work, a measurement of similarity between the groups of objects is required. The similarity is established in relation to the distances between the objects. The most generally used distance measure is Euclidean distance [12] .
The determination of the sequence in which clusters are joined together is determined in accordance with a linkage rule. There is a variety of such methods. The single linkage is based on the properties of two clusters that are most similar, while the complete linkage relies on the properties that are most dissimilar. These two methods are dependent on outliers, which may be undesirable. The weighted and unweighted pair-group average or centroid methods give emphasis to the central tendency of clusters, thus being less sensitive to outliers. The technique that is unlike other linkage rules is the Ward's method, where clusters are formed in relation to minimizing the sum of squares within each cluster. The graphical representation of hierarchical classifications is a two-dimensional diagram known as a dendrogram, which shows the mergers or divisions performed at each stage of the analysis [12, 13] .
In this study, the Euclidean distance was calculated between samples, whereas two clusters were joined together using Ward's method. The samples were arranged into similar groups on the x-axis, according to the distance measure represented on the y-axis.
The results of CA are illustrated in Figure 3 . In the dendrogram of infusions made from herbal mixtures, five groups were distinguished. In group I the samples of Urosan (nos. [1] [2] [3] [4] [5] [6] [7] [8] [9] In order to ascertain to what extent the infusions introduce analysed elements into the human organism, the daily intakes were estimated. This was done assuming that a patient would drink a glass of infusion (200 mL) 3 times a day, prepared from 2 g of a herbal mixture (as recommended by manufacturers). In view of the fact that the ANOVA test proved no statistically significant differences in metal levels in infusions prepared from different batches of the same herbal mixture, calculations of daily intakes were performed using mean metal concentrations. The results, listed in Table 2 , as the percentage range and the arithmetic mean (parenthesis) of recommended dietary allowance (RDA) [14, 15] , showed that in almost 75% of infusions the percentage ranges were between 0.14 and 2.02% of RDA. Only in 6 cases the value exceeded 15%. It was the content of Cr in Cholagoga II, Nervinum, Nervosan, Circulosan, Septosan and Mn in Urosan.
With regard to obtained data, it can be stated that infusions prepared from herbal mixtures play insignificant roles as sources of heavy metals in the human body.
Conclusions
The heavy metal occurring in the highest concentration in the infusions prepared from herbal mixtures was Mn in the range between 3.03 and 129.01 mg/kg. The element that was found in the samples in the lowest amount was Cd. Its content was in the range of 0.024-0.153 mg/kg. The concentrations of studied heavy metals in infusions were in the following descending order: Mn>Fe>Zn>Cu>Ni>Cr>Pb>Cd with accordance to the interquartile ranges. The assessment of heavy metal levels in the infusions established that their allowable limits were not exceeded. Cluster analysis arranged herbal preparations into groups characterized by comparable amounts of heavy metals in their hot water extracts. In this way the extracts with distinctive levels of certain elements (Mn, Fe, Cr) were identified. They were represented by the infusions of Urosan, Nervosan, Infektoten and Cholagoga.
The highest concentration of Zn was observed in infusions prepared from Pyrosan and Infektoten. This element can enhance the anti-inflammatory activity of these herbal mixtures in infections of the upper respiratory tracts. High level of Zn was also noted in Urosan, where it can play an auxiliary role in fighting inflammations of the kidneys and urinary bladder.
In two herbal compositions -Nervosan's and Circulosan's relatively high content of Cr may assist their sedative activity and facilitate falling asleep.
According to calculated daily intakes, it was verified that analysed infusions of herbal mixtures get slight amounts of heavy metals into the human body.
